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ABSTRACT 
Chlorinated hydrocarbon insecticides, polychlor­
inated biphenyls (PCB's)· and metal residue ·1evels were 
measured in tissues of common crows, American coots, 
starlings and Franklin�s gulls of South ·Dakota. Methods 
of anaiysis for insecticides and PCB's included column, 
thin-layer and gas-liquid chromatography and atomic 
absorption spectrophotometry for metals. 
DDE was the most prevalent residue, being detected 
in 9 3% of all samples and averaging 66% of the total 
residues in the carcass. Dieldrin was detected in 
61% of all samples and averaged from <0. 01 to 0. 15 ppm. 
DDD and DDT were found in 27% and 15 %, respectively, 
for all samples and both ·had average ranges from-�0.01 
to 0. 06 ppm. Heptachlor epoxide and lindane were 
.detected occasionally in some samples. PCB's were not 
found above the minimum analytical confidence levels 
in any of the samples analyzed. 
The gulls had higher insecticide and metal 
residues than coots, starlings or crows. Arsenic 
values averaged 1. 4 ppm/dry weight for samples of 
carcass from the four species of birds and were higher 
than those reported for South ·nakota starli�gs in 
an earlier study. Cadmium, copper, manganese, lead 
, 
and zinc averaged 0.10, 0. 94, 4. 8 ,  1.0 and 69 ppm/ 
dry weight, respectively and were no higher than values 
reported for birds from other areas. 
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.INTRODUCTION 
Chlorinated hydrocarbons were first used for pest 
control in 1939 when the insecticidal properties of DDT­
were discovered by Paul Muller in Switzerland. Insect­
icide usage in South Dakota began in 1946 according to 
South Dakota State University extension entomologists. 
Since 1964 many federal restrictions on usage have been 
imposed (U. S. Dept. Agr. 1965) . . .. . 
Aldrin and dieldrin were applied to both soil and 
foliage prior to 1964. Foliar applications were_pro­
hibited by federal law in 1964 and soil usage was re­
stricted to crops without tuberous root systems in 199-9. 
Both aldrin and dieldrin were banned in the United States 
in 1974. · The main uses were to control outbreaks of 
grasshoppers, corn rootworms and other insects. The 
greatest application£ for corn rootworm control were 
in southeastern South Dakota. Applications for grass­
hopper control were mainly on prairie lands of central 
South Dakota. Southwestern South Dakota experienced 
some �nsect control on irrigated corn land . Aldrin is 
converted to the mo�e residual and more toxic epoxide 
form, dieldrin, on alfalfa, soybeans, �om, and possibly · 
other plants (Gannon and Decker 1958). 
Heptachlor usage patterns resemble aldrin and 
dieldrin in southeastern South Dakota where it has been 
used in foliar and soil treatments. In the Black Hills 
of South Dakota heptachlor has been used to control the 
alfalfa weevil. In 1964 federal restrictions banned �ts 
use on alfalfa and sweet clover (U. S .  Dept . Agr. 1965). 
Heptachlor is converted to the epoxide form in the bodies 
of animals exposed to the insecticide. 
Lindane use has been limited in South Dakota . 
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Usage has been on garden plants and occasionally on orchard 
trees. It is presently used in cattle oilers where it 
may be combined with toxaphene. 
The use of DDT has been limited in South Dakota. 
Occasionally DDT has been used on alfalfa by seed growers. 
All usea 
.
_of DDT and DDD (except emergency public health 
uses on a case basis) were banned in the ·united States 
as of January 1, 1973. 
Materials containing polychlorinated biphenyls (PCB's) 
have been
.
widely distributed in South Dakota since they 
are used as plasticizers, sealers, extenders and in 
protective coatings, asphalt, printing inks, waxes and 
adhesives. They are important in refrigeration systems 
as heat transfer media and in insulators. for electrical 
apparatus. 
The organochlorine insecticides and PCB's have 
become widely distributed in the North American contin­
ental ecosystems and· the global ecosystems as a whole 
(Cole et al., 1967; Risebrough e·t al . ,  1968; Greichus 
et al., 1973) . Arctic birds in Greenland have been 
found to have substantial levels of DDE and PCB's 
with ravens (Corvas coraz) having as high as 37.l parts 
I 
per million {ppm) of PCB's (Braestrup et al., 1974). In 
the U. S. the use of chlorinated hydrocarbon insecticides 
has been substantially regulated in recent years but 
foreign usage continues to be heavy, especially in the 
more underdeveloped countries. Food production and 
disease control are so critical in many overpopulated, 
underdeve�oped countries that concern over environmental 
contamination has taken on only minor status. 
Both organochlorine_ insecticides and PCB's are 
stored in the fat of animals and are difficult to 
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eliminate from the body (Lamb et al., 1970; Dahlgren et al . ,  
1971). Insecticides also have a wide target range and 
are slowly metabolized to other less toxic compounds 
(Harvey, 1967). The end result has been that persistant 
poisons. such as DDT and its metabolites have become· 
integral parts of the biosphere and the living food chains 
therein. 
The biol ogical concentration of pesticides in the 
food chains of fish� fish-eating birds and raptorial 
birds has also been frequently reported (Woodwell 
et al., 1967; Risebrough et al., 1968; Greichus et al., 
1969; Hannon et al., 1970; Snyder et al., 1973). 
Woodwell (1967) found the concentration of DDT in a 
Long Island salt marsh food chain to increase over 1,000 
times from 0.04 ppm in plankton to 75 ppm in a ring­
billed gull (Larus delawarensis). In an Arizona- New 
Mexico study, a significant correlation between percent 
birds in the diet of Cooper's hawks (Accipi t;er coop.erii) 
and DDE levels of their eggs was found (Snyder et al., 
1973). Avian prey, especially insectivorous species, 
were found to be more contaminated than reptilian or 
mamma lian.prey generally. In woodcock (Philohela 
. minor), DDT levels were found to reflect the degree of 
environmental contamination with a steady state 
being reached after which residue intake is matched by 
excretion (Dilworth et al., 1974). 
Organochlorine insecticides produce both toxic 
and chronic effects and interfere with reproduction in 
birds. Rosene (1965) reported significant mortali·ty 
of. Bobwhite quail (Colinus virginianus) in a heptachlor­
treated area while an untreated area showed no change. 
Dieldrin mortality has been reported in various avian 
species (Scott et; al., 1959; Mulhern et al., 1970; 
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Flickinger and King, 1972; Babcock and Flickinger, 1977). 
Toxicity from DDT and its metabolites may not occur 
until months after contamination due to the bodies 
ability to safely store the insecticides in fat reserves 
until they can be excreted (Harvey, 1967) . Stress 
factors such as migration, disease or reproduction which 
deplete fat reserves may suddenly release greater 
quantities of insecticides than can be excreted rapidly 
and brain levels may.rise dramatically (Greichus et al., 
1973). 
DDE and PCB's have caused reduced reproductive 
rates and in some cases severe reproductive failure in 
whole populations of raptorial and fish-eating birds 
due to eggshell breakage and flaking induced by eggshell 
thinning (Hickey and Anderson, .1968 ; Risebrough et al., 
1968; Enderson and Berger, 1970; Ratcliffe, 1970; 
Anderson and Hickey, 1972; Snyder et �l., 1973; 
Glibertson, 1974) . High DDE residues have been shown 
experimentally to cause eggshell thinning in mallards 
(Anas p. platyrhynchos) (Heath et al., 1969) and black 
ducks (Anas rubripes) (Longcore et al., 1971) . 
High DDE levels may be a cause of increased 
embryonic mortality in some birds (Ludwig and Tomoff, 
1966; Gilbertson, 1974) . Dewitt (195 5 )  found insecticides 
to reduce chick viability . Abnormal parental-behavior 
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in some raptors may · possibly result from high levels of 
DDE and PCB's (Lincer, 1972; Snyder et aZ., 1973) . 
The major sources of pesticide contamination are 
agricultural uses, urban sewage, industrial effluents 
from pesticide manufacturing plants, and insect control 
programs in forests and marshes (Heath, 1969). PCB 
sources are primarily industrial effluents from plants 
using PCB's and the manufactured products themselves 
(Risebrough et al., 1968) .  Worldwide distribution of 
PCB's and chlorinated hydrocarbons to remote areas has 
been accomplished by ocean currents, air transport, and 
migratory birds. Air transport as.a result of the incin­
eration of materials containing PCB's best explains 
the presence of PCB's in remote areas (Risebrough et al., 
1968 ) . 
Generally there are no clear cu� methods to dif­
ferentiate between the extent of heavy metal pollution 
and the natural amounts which· may be present (Koeman 
et al., 1972) . . Many metals are essential constituents 
of living systems and most of these act as catalysts 
in enzyme systems . Manganese, copper and zinc are 
essential trace elements. 
Cadmium occurs naturally in soils and · various 
grains were found to have from 0.1 ·to 0.67 ·ppm (Schroeder 
et a"i., 1967) . Fertilizers containing rock phosphates 
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are r�latively high levels of cadmium (Schroeder and 
Balassa, 1961) . Some trees can apparently concentrate 
cadmium from subsoil and thus make it available to food 
chains. Cadmium and zinc may show significant accumul­
ations in earthworms relative to soil concentrations 
(Van Hook, 1974) . The livers and kidneys of mammals 
and birds concentrate body cadmium, copper and zinc 
(Schroeder and Balassa, 1961; Keeman et a.l., 1972) . 
Cadmium may be more of a threat than mercury since more 
than twice as much cadmium is used as mercury each year 
in various technological processes in the U .S. (McCaull, 
1971) . The principal cadmium pollution sources are the 
burning of fossil fuels, phosphate fertilizer and fungi­
cides. 
Arsenic residues are commonly found in urban soil 
samples and have been reported as high as 74. 5 ppm in 
one urban area (Wiersma et al., 1972) . Arsenic residues 
found in nationwide starling monitoring have been low 
and apparently the soil arsenic form is unavailable to 
starlings or is ingested in a form which ·is not retained 
in the body (Martin and Nickerson, 1973). The penta­
valent .form of arsenic is excreted from huma ns as rapidly 
as it is ingested (Ehman, 1972) . On the other hand, 
trivalent arsenicals accumulate in human. tissue but 
environmental contamination of this form is low. 
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Bagley et al., (1967) concluded that lead is a 
regularly occurring constituent in liver and bone of 
wild birds . The degree of active exposure to lead was 
indicated by concentrations in the liver while exposure 
of a chronic nature was reflected in bone concentrations. 
The major sources of lead contamination in the environ­
ment are leaded gasoline, pesticides, coal combustion, 
manufacturing, refuse incineratio�, leaded paints and 
improperly glazed earthenware pottery (Pagenkopf and 
Neuman, 19 74). 
Toxicities vary widely between different metals 
with lead, cadmium, and arsenic being much more toxic 
than zinc, manganese or copper (Underwood, 1971). 
Zinc and manganese are relatively nontoxic to birds. 
Hens tolerated 1,000 ppm manganese without ill effects 
(Gallup and Norris, 1939), but 4, 8 00 ppm was highly 
toxic to young chicks (Heller and Penquite, 1937). 
Broilers and layer hens at 1, 200 to 1, 400 ppm zinc in 
the diet exhibit no ill-effects (Pensac and 
Kulssendorff, 195 6). 
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METHODS AND MATERIALS 
Insecticide and PCB Analysis 
Chlorinated hydrocarbon insecticide, polychlor_inated 
biphenyls (PCB's) and metal residue ·1evels were measured 
in tissues of four species of birds collected in eastern 
South Dakota . Species analyzed included seven cotlmlon 
crows (Corvus brachyrhynchos), six American coots 
(Fulica americana), six starlings (Sturmus vulgaris), and 
six Franklin's gulls (Larus pipixcan). 
Insecticide and PCB residue levels were measured on 
a wet weight basis in brain, liver, feather and carcass 
samples from each bird . Metal levels were measured on a 
dry weight carcass basis for each bird . Insecticide 
analyses were conducted for lindane, heptachlor, heptachlor 
epoxide, aldrin, dieldrin, methoxychlor, endrin, toxaphene, 
DDE, DDD and DDT . Metal analyses were for zinc, cadmium, 
lead·, copper, arsenic, and manganese. 
Bird collection was by shooting for all species. Gull 
collections were made on September 2, 1975 approximately 
three miles west of Nunda, S .D. while the birds were feed­
ing in a freshly plowed field. Coot collections were made 
on September 15 , 1975 approximately five miles southeast 
of Arlington, S .D .  in a marsh . Starling specimens were 
obtained in a barn on February 14, 1976 near Crocker, S. D. 
South Dakota Gaine, Fish and Parks personnel collected 
crow specimens on April 6, 1976 near Richmond Lake in Brown 
9 
� . 
/ 
county, S.D . All specimens appeared to be normal, healthy 
. . 
birds at collection . No attempt was made t o  collect sick 
or abnormally behaving birds: 
Although only adults were to be used, no literature 
was found on ageing-crows and starlings . The six heaviest 
crows were used for analysis . All six starlings collected 
were analyzed . Coots were aged by leg color (Gullion, 
195 2) and gulls by plumage (Robbins et aZ., 1966). All 
coots and five of six gulls analyzed were judged to be 
adults. 
Each specimen was necropsied to remove tissue samples 
and to determine sex, stomach contents, and · general body 
condition . . Gulls and coots were refrigerated after col­
lection and necropsied·within two days. Starlings and 
crows were stored in a deep freeze for several weeks before 
necropsy . A representative body sample of approximately 
5 g of feathers were removed, finely cut and wrapped with 
aluminum foil. All of the brain and liver was removed, 
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weighed, and stored in glass jars . Carcass samples con­
sisted of the entire body minus beak, legs, stomach contents 
and the samples of feathers, brain and liver·previously 
removed. After necropsy the carcasses were· wrapped and 
frozen in aluminum foil and several days later homogenized 
by grinding w1th a Toledo meat chopper (Toledo Scale Cor­
poration, Toledo, Ohio. Subsamples of approximately .100 g 
were taken and frozen in glass jars for later analysis . 
All glassware used for.storage and later insecticide 
analysis was washed in detergent, rinsed with distilled 
water, and oven baked at 425°c for at least three hours 
to remove organic contamination . 
Samples were extracted and purified for PCB and 
chlorinated hydrocarbon residues by the Florisil colunm 
method (Stemp et al., 1964) as modified by Greichus et al., 
(1968 ) .  Sample size.for extraction was 1 g for carcass 
and liver and .5 g for brain and feathers . Brain, carcass, 
and liver samples were ground into 10 g of Florisil 
along with 2- 3 g of hexane-washed sodium sulfate using a 
mortar and pestle . The mixture was then placed on top 
of 30 g of Florisil which ·had been prewashed with 200 ml 
of hexane ·in a 20 nun X 400 mm Pyrex chromatographic column 
(Corning Glass Works, Corning, New York) . Insecticide and 
PCB residues were eluted with 700 ml of 30: 70. (v/v) 
dichloromethane·in petroleum ether . The eluent was evap­
orated to near dryness on a flash evaporator (Buchler 
Instruments, Fort Lee, New Jersey), and transferred to 
a calibrated test tube using hexane as a solvent. 
Feather samples were placed on top of 40 g of pre­
washed Florisil. They were then treated like the other 
tissue samples . 
Insecticide and PCB analysis was conducted by electron 
11 
capture gas chromatography (ECGC) using a Varian Aerograph 
model 2100 (Varian Aerograph, Walnut Creek, California) 
with a 63Ni electron capture detector and a Beckman Ten 
Inch 1 mv recorder (Beckman Instruments, Inc. , Fullerton, 
California) . The column was a borosilicate glass column, 
1/16" id X 6', packed with a 1:1 mixture of 15 % QF-1 
Silicone (Fluoro) and 10% DC- 200 Silicone on 8 0-100 mesh 
Chromosorb W (H/P A. W. DMCS) . Nitrogen was used as the 
carrier gas at a flow rate of 40 ml/min. The injector, 
column, and detector operating temperatures were 220°C, 
210°C and 28 0°�, respectively. 
Ident ification and quantitative analyses were accom-
plished from t he chromatograms by comparing retention 
t ime and peak area of the samples with the retention 
time and peak area of the insecticide reference standard 
and PCB Environmental Protection Agency, (EPA) 125 4 
standard. PCB interference with dieldrin, DDE, DDD and 
DDT peaks was corrected by subtracting the area of the 
interferring PCB peaks after a comparison with the EPA 
125 4 standard. Parts per million (ppm) were calculated 
using the following formula: 
ppm = V x w x Al 
W x v x A2 x e 
Where: W = weight of sample in grams 
12 
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v = volume ·of extract in milliliters 
v = volume of extract injected in microliters 
w = weight of standard injected in nanograms 
Al = area of sample peak 
A2 = area of standard peak 
e = procedure efficiency correction 
Insecticides were verified by thin-layer chromatography 
(TLC) . Sicica gel glass plates were coated (0 .5 mm thick) 
by adding 2 ml distilled H20 per gram of silica gel and 
applying the sorbent slurry with a Brinkmann adj1.ustable 
applicator (Brinkman Instruments, Westbury, New York) to 
20 X 20 cm glass TLC plates . Plates were air dried and 
activated at 130°C for 30 min and stored in a dessicator 
prior to use . Samples were evaporated with N2 to 0 .1 ml 
arid spotted on a plate along with 20 ul of TLC standard 
containing 0 .025 g aldrin, 0 .025 g endrin, 0 .05 0  g lindane, 
0. 013 g heptachlor; all in 25 ml of hexane. Plates were 
developed with hexane to 15 cm, dried at room temperature, 
and the standard section sprayed with a 0. 1 mg/ml solution 
of Rhodamine B in ethanol . When viewed under ultraviolet 
light the compounds in the TLC standard appeared as 
purple spots, indicating the location of sample residues. 
The area of the plates containing the samp·le was then 
divided into five sections (Fig. 1). Silica gel within 
each section was removed and placed in a glass pasteur 
3�3297 
SOUTH DAKOTA STATE UNIVERSI
TY UBRARY 
Sect. V PCB's 
Sect. IV Aldrin, DDE, DDT, 
Heptachlor 
Lindane 
Sec�. III Heptachlor Epoxide 
DDD 
Sect. II Dieldrin, Endrin 
Sect. I Suottin2 line. methoxvchlor 
Figure 1. Diagram of the sections of separation for 
chlorinated hydrocarbon insecticides and 
PCB's on thin- layer chromatography plate. 
14 
pipet plugged with ·glass wool. A mixture of 1: 1 (v/v) 
ethyl and petroleum ether was used to elute the residues. 
The eluant was then brought to the desired volume and 
analyzed by ECGC. 
PCB's were separated from the insecticides by the 
previously described TLC technique. The section con­
taining the PCB's was .removed and the PCB's were eluted 
from the Sicica Gel and analyzed by ECGC. Quantitative 
analysis was accomplished from the chromatograms by 
comparing the retention times and peak areas of the 
sample with the retention times and peak areas of the EPA 
125 4 standard. Parts per million were calculated using 
the previously described insecticide formula. 
Efficiencies of insecticide and PCB extraction were 
90 and 95 %, respectively as described by Greichus et aZ., 
(1973). Minimum confidence limits were 0. 01 and 0. 1 ppm 
for insecticides and PCB's, respectively.  
Florisil, 60/100 mesh, activated at 65 0°C (Fisher 
Scientific Company, Fair Lawn, N. J. ) was heated at 130°c 
for 12- 14 hours, mixed with three percent distilled water 
and stored in airtight containers. All solvents used were 
Nanograde (Malinckrodt Chemical Works, St. Louis, MO) . 
Metal Analysis 
Zinc analysis was performed with a Perkin- Elmer 
model 303 Flame Atomic Absorption Spectrophotometer 
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(Perkin- Elmer Corpo·ration, Norwalk, CT). Lead, arsenic, 
cadmium, copper and manganese levels were determined with 
a Perkin- Elmer model 503 Atomic Absorption Spectrophoto­
meter equipped with a heated HGA- 2100 Graphite Furnace and 
a S�rgent- Welch model SRLG recorder (Sargent- Welch 
Scientific Co. , Skokie, IL). All glassware used was acid­
washed with nitric acid, suitable for mercury determination 
(J.T. Baker Chemical Co., _Philli�sburg,. NJ) and oven­
baked at 425°C for three hours. 
Dry weights of samples were determined by placing 
5- 10 g aliquot of carcass in a forced air oven for 12-
14 hours at 1ooc. A 0.5 g dry weight sample was then 
digested in a Kjeldahl flask with 10 ml n itric acid 
for 12- 14 hours in a water bath at sooc. Next the 
sample was placed in a micro Kjeldahl digestion apparatus 
.and boiled until two ml remained, and then an additional 
five ml of nitric acid was added and boiled down to one 
ml. The one ml was transferred to a calibrated test tube 
and the sample flask rinsed with glass distilled water 
and added to the test tube until 10 ml mark was reached. 
The sample was then analyzed directly. 
Eppendorf micropipettors with disposable tips were 
used to inject 10- 20 microliters in the Graphite Furnace 
for analysis. A new tip was used for each sample. 
Spectrophotometer and Graphite Furnace analytical con-
16 
ditions were standard operating parameters from Perkin­
Elmer (1973). Quantitative analysis was accomplished 
by compa�ing the absorbance peak height of the _sample · 
with the absorbance peak_ height of a known reference 
standard. Parts per million· for lead, cadmium, copper, 
manganes�, and arsenic were calculated using the following 
-formula: 
ppm = vl x Std.' ppm ·x Al x V 
W x A2 x v2 
Where: W = dry weight of sample in grams 
V = volume of sample in milliliters 
vl= volume of standard injected in microliters 
v2 = volume of sample injected in microliters 
Al = sample absorbance height 
A2 = standard absorbance height 
Std� ppm = parts per million i� the standard 
Samples were analyzed for zinc by a suction tube ·1eadi�g 
directly into the ·flame ·atomic absorption spectrophoto­
meter. Absorbance of reference standards ra�gi�g from 
1.0 ppm to 4.0 ppm were determined and the standard 
absorbance nearest the ·sample absorbance was used in the 
calculations. Parts per million were calculated using 
the following formula: 
Zinc ppm = ppm x Al x v 
A2 x w 
. / 
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Where: W = dry weight of sample in grams 
V = volume of sample in milliliters 
Al = sample absorbance 
A2 = standard absorbance 
ppm = parts per million Zn in the standard 
The· minimum detectable confidence limits used for heavy 
metals were: 0.01 ppm for Cadmium 
0. 1 ppi;n for Arsenic', Lead 
0.5 ppm for Copper, Manganese 
1.0 ppm for Zinc 
In calculations of averages and totals, less than ·(<) 
values were included and given one- half the stated value, 
that is, a value of less than 0.1 would become 0.05. 
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RESULTS AND DISCUSSION 
Average insecticide residue concentrations for· 
counnon crows. starlings, American coots and Franklin's 
gulls are given in Table 1. Endrin, heptachlor, 
methoxychlor, ald�in and PCB's were not detected 
above the minimum analy�ical confidence levels in · any 
of the 100 samples analyzed.
· 
Toxaphene was detected 
in starling feathers and was judged to have been an 
inadvertant contaminant from a container used to carry 
the birds. Lindane was found in only two crows and was 
not used in the calculation of average total insecticides. 
One crow · had carcass and liver residues of · 0.01 ppm 
and 0.11 ppm lindane, respectively. Another crow had a 
carcass residue of 0.01 ppm. Heptachlor epoxide was · 
detected in crow carcass and liver samples ·and in one = 
crow brain. Dieldrin residues were found in all species, 
all four tissue types, and in 61% of all samples. Brain 
and feather dieldrin concentrations were usually below 
or slightly above the 0.01 ppm lower analytical limi·t. 
DDT and its metabolites were the most consistent 
residues found. DDE was the most prevalent of the DDT 
complex and was found in 93% of all samples. DDD and 
DDT were detected in 27% and 15%, respectively, of all 
samples. Only liver and carcass samples of both crows 
and gulls had consistant DDD residues. DDT was detected 
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only in crow liver and carcass samples. The low levels 
of DDD and DDT appeared to reflect the decreased usage 
and eventual banning of DDT in the U.S., although DDE 
is still counnon in the environment. 
Nationwide monitoring of mallard and black duck 
wings by the U.S. Fish and Wildlife Service since 1965 
has shown DDE to be the predominant residue .(Heath; 1969; 
Heath and Hill, 1974) . Results of the monitoring in 
1965- 66 showed DDE to be the predominant residue followed 
by DDT, DDD, dieldrin and heptachlor epoxide, and in 
1969 DDE was followed by PCB's, DDT, dieldrin, DDD and 
heptachlor epoxide. Both studies found organochlorine 
residues generally highes�.in the Atlantic and Pacific 
flyways and lowest in the Central and Mississippi fly­
ways of which South Dakota is a part. 
Total insecticide residues were consistently high�r 
in the crows than in the other species. Franklin's 
gulls had the next highest total residue levels followed 
by starlings and American coots, except in the brain 
samples where all three species had approximately equal 
concentrations. Individual insecticides were generally 
greatest in the crows. Franklin's gulls had higher DDE 
levels in feathers and DDD in the carcass ·than the other 
types of birds. Starlings and coots had very low residue 
levels of all insecticides and only dieldrin and DDE were 
fotmd consistantly. 
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TABLE 1 
Average Concentrations and Standard Deviations of 
Insecticide Residues in Bird Tissues 
ppm (ug/g) wet wt. basis 
No. Heptachlor ' 
DescriEtion SamEles EEoxide Dieldrin DDE . DDD 
Carcass 
Crow 7 .06 + .06 
Coot 6 <.ta 
Starling 6 <. 01 
Gull 6 <.01 
Liver 
Crow 7 .10 + .14 
Coot 6 <· U'l 
Starling 6 <. 01 
Gull 6 <.01 
Brain 
Crow 7 <. 01 
Coot 6 <. 01 
Starling 6 <.01 
Gull. 6 <.01 
Feathers 
Crow 7 <. 01 
Coot 6 <. 01 
Starling 6 a 
Gull 6 �1 ' 
.13 + .26 . S4 + . S4 
< . 0'1 .04 + .02 
.02 + .03 .06 + .06 
.ls+ .13 . 44 + . 21 
.05 + .06 .41 + .31 
.01 + .005 .02 + .004 
. 04 + . 04 .06 + .03 
. 04 + . 04 .10 + . 06 
.07 + .03' .OS + .04 
<.U"l .01 + .006 
< .01 .02 + .01 
�. 01 :02 + .005 
1.106 + . 08 :·04 + . 03 
<.0'1 .02 + .02 
a .. a 
. 02+ .01 .os+ .009 
. 04 + . 04 
< . U'l 
. . < . 01 
.06 + .OS 
- ; 
.04 + .03 
<.O'l 
< .01 
. 04 + . 04 
<. 01 
<.01 ' 
<.01 
<.01 
<. 01 
<.01 
a 
<:1f l 
Total 
. DDT Insecticides 
.06· + .OS 0.84 
<.U'l 0.06 
<.01 0.10 
<.01 0.66 
.02 + .02 0.61 
<. 0'1 o.os 
<.01 0.12 
<.01 0.20 
. <.01 D.13 
<.01 0.04 
<. 01 0.04 
<.01 0.04 
. <.01 0.11 
: <.01 I 0.04 
a . a 
'<:"Ul 0.08 
a - Starling feathers contaminated with toxaphene at bird collection site. 
N 
..... 
In general the carcass had somewhat higher levels 
of total insecticide residues than liver except in 
starlings. Carcass and liver had consistently pigher 
residues than brain or feathers. In the crows carcass 
residues were the highest followed by livers, brains 
and feathers. In the gulls carcass levels were followed 
by livers, feathers and brains. Starlings had their 
highest levels in livers followe� by carcasses, brains and 
feathers. Coot leveis were highest in carcass samples· 
followed by livers, with brains and feathers about 
equal. 
The insecticide residue levels may reflect the 
relative food hab1ts of the individual species. 
Biological concentration of insecticides also appears 
to vary between different avian species and as a 
result of varying inherent rates of tissue accumulation 
and excretion - (Bernard·, -1963). Gakslatter and Weiss 
(1967) found the absorption and elimination 0£ organo­
chlorine insecticides in aquatic food chains to be related 
to the water solub ility of the insecticides. Insecticide 
absorption in fish tissue decreases and elimination incre­
ases as water solubility increases. Biological concen­
tration in fish- eating birds
-
would therefore be less 
likely to occur with the more water- soluble insecticides 
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such as lindane than with dieldrin or the DDT- complex 
which have lower water solubilities. 
Starlings and crows may be expected to reflect the 
general environmental levels of organochlorine insect- · 
icides and metals available to them in South Dakota 
since they are often year- around terrestrial residents. 
Coots and Franklin's �lls would not reflect true South 
Dakota contamination levels since they are sununer res­
·idents only and are .subject to migratory contamination 
in other areas. Juvenile coots and gulls hatched in 
South Dakota and subjected to analysis prior to their 
initial southward migration would not reflect ·true 
South Dakota levels either. Insecticide contamination 
of young birds may stem largely from egg deposits rather 
than juvenile diet (Snyder et al., 1973) .  
The percent composition of insecticide residues in 
the various tissues is given in Table 2. Because of the 
small amounts and infrequency of detection, heptachlor 
epoxide was excluded from this data. The percent of DDE 
was greater than any other percent of insecticide res­
idue 1n all tissues except crow brains and feathers 
where dieldrin was higher. Dieldrin exceeded DDT and 
DDD percentages in all tissues except starling brains 
and coot brains, carcasses and feathers. DDT exceeded 
DDD percentages in only crow carcas� es and c!ow brains. 
The crow samples had widely varying DDT complex. 
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TABLE 2 
Percent Composition of Insecticide 
Residues in Bird Tissues 
No. 
DescriEtion SamEles· Dleldrln DDT DDD DDE 
Carcass 
Crow 7 16 8 6 70 
Gull 6 23 4 9 64 
Starling 6 24 5 5 66 
Coot 6 14 7 15 64 
Liver 
Crow 7 10 ·4 7 79 
Gull 6 22 6 21 5 1  
Starling 6 3·6 4 6 .54  
Coot 6 28 12 12 48 
Brain 
Crow 7 45 13 9 33 
Gull 6 22 13 13 52 
.Starling 6 15 15 15 55 
Coot 6 17 17 17 49 
Feathers 
Crow 7 52 5 5 38 
Gull · 6 21 7 7 65 
Starling 6 a a a a - -
Coot 6 14 14 14 58 
a - Samples were contaminated with toxaphene . -
percent compositions between the different tissues. 
Values ranged from 48% in feathers t o  90% in livers. 
Starlings had a variation of from 64% in livers to 
8 5 %  in the brains. Gull tissues had little variation 
and were within two percent of each other. Coots gen­
erally had little tissue variation except in_·_the -livers 
which were lower than the other three tissues by 11 to 
14 percent. Overall none of the species analyzed had 
organochlorine insecticide residues near toxic brain 
levels. 
Martin (1969) analyzed starlings from 128 areas of 
the U.S. in 1967- 68 and found DDT, its metabolites and 
dieldrin in all sites. Heptachlor epoxide and lindane 
were also detected occasionally. About 60% of all DDT 
complex residues in samples were below 1. 0 ppm and 30% 
from 1. 0 to 2. 0 ppm on a wet weight basis. Dieldrin 
averaged below 0. 3 ppm in 92% of the sites·. - In four 
South Dakota sites the ranges of the average residues for 
1967-68 were 0. 103 - 1.925 ppm DDE, 0. 013 - 0. 018 ppm 
DDD, 0. 018 - 0. 030 ppm-DDT and 0.012 - 0. 080 ppm dieldrin. 
Heptachlor epoxide and lindane were occasionally found 
in all South Dakota areas. Average total insecticide 
residues were 0. 243 ppm, 0. 201 ppm, 2.05 4 and 0. 3 3 4  ppm 
in the four sites. Residue ·1evels appear to have dropped 
in South Dakota starlings since the 1967- 68 analysis 
25 
based on the current study. 
Average concentrations of metals in carcasses of 
crows, coots, gulls and starl ings are reported in Table 
3. Values are given on a dry weight basis but can be 
converted to the approximate wet weight by mul tiplying 
the val ue by 0.43 which was the average dry weight for 
one gram of bird carcass. Arsenic levels were similar 
for al l four types of birds. Arsenic values in .this 
study, when converted to a wet weight basis, were 
greater than those reported by Martin and Nickerson 
(1973) . Starlings collected from 5 0  sites in the United 
States, had values of <0.05 except for one sample with 
a value of 0.21 ppm wet weight basis. �ull s had higher 
levels of cadmium (0.21 ppm) than the other types 
of birds in this study but were lower than some of the 
values given for starlings by Martin and Nickerson (1973) . 
Liver from white pelicans (Pelecanus onocrotalus L.) 
coll ected from Lake Nakuru, Kenya averaged 0.17 ppm of 
cadmium which is higher than the average carcass of the 
South Dakota birds. 
Gul ls also had higher concentrations of lead than 
the coots, starlings or crows. Gul l s  could have been 
contaminated in areas other than South Dakota, since 
they are migratory. Another possible source of lead 
could have been the ingestion of shot. Waterfowl are 
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TABLE 3 
Aver�ge Concentrations and Standard Deviations 
of Metals in Bird Carcasses 
ppm (ug/g) dry wt. basis 
Metal 
Arsenic 
Average 
S .D. 
Cadmium 
Average 
S .D. 
Copper 
Average 
S .D. 
Manganese 
Aver�ge 
S.D. 
Lead 
Average 
S. D. 
Zinc 
Average 
S .D. 
a - Six birds 
b - Seven birds 
c - Two birds 
1. 6 
0. 24 
0. 21 
0. 13 
1. 8 
1. 4 
4. 5 
0. 86 
3. 2C 
82. 0 
11. 0 
Coots·a 
1. 5 
0. 28 
0. 08 
0. 04 
0. 75 
0. 61 
9. 8c 
0. 86 
0. 80 
71. 0 
14. 0 
1.6 
0. 3 0  
0. 10 
0. 03 
0. 5 1  
0. 16 
4. 0 
2. 0 
0. 77 
0. 24 
75 .0 
ll.O 
1. 0 
0. 37 
0. 03 
0. 01 
0. 75 
0. 35  
4. 2 
2. 8 
0. 72 
0. 46 
5 2. 0 
16. 0 
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sus cept ible t o  sho t  inge s t ion in we tland ar eas wi th upland 
b irds s us c ep t ible to a le s s er ext ent in t erre s trial areas 
(Bagley et al . ,  19 6 7 ) . Lead re s i due s in South Dako ta 
s tarlings averaged 0 . 3 6 ppm in 19 7 1  (Mar t in and Nicker son , 
1 9 7 3 )  which i s  very clo s e  to the we t we i ght value o f  0 . 33 
ppm foun d  for s tarlings in thi s s tudy. 
Mangane s e , copper �nd z inc ar e e s s ent ial die tary 
element s and are not usually con s idered contaminants . 
Levels o f  c opp er and zinc (Table 3)  repor t e d  for the 
four typ e s o f  b irds were no t unusual. Cons iderab ly 
higher levels of  copper ( 2 1  ppm/we t wt ) and z inc ( 7 6 
ppm/we t wt) have b e en found in livers  o f  whi t e  peli cans 
(Koeman et al.,19 7 2 ) . Manganes e  concentrat ions ( 9 . 8  
ppm) were mor e than twice as gr eat in coo t s than in 
the o ther type s of b irds. Some aqua t i c  p l an t s  have 
comparat ive ly high levels o f  mangane s e  ( 6 6 0  ppm/ dry wt ) 
(Funk et al . ,  19 7 3 ) . It i s  pos s ible that coo t s  may 
have high leve l s  o f  mangane s e  becaus e the i r  d i e t  contains 
aquat ic plan t s  rich in thi s  element . Analys i s  of plank­
ton from Lake Poins ett , South Dako ta indic ated l evels 
in the r ange o f  100 - 300 ppm/ dry wt which would t en d  
to support thi s conclus ion. 
The biolo g ical e ffe c t s  of the chlor ina t e d  hydrocarbon 
ins e ct i c i de s  and PCB ' s can be divi ded into le tha l  and 
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sub l e thal e ff e c t s . Brain level s are the mo s t  s ui t ab l e  
indi cators o f  toxi c i ty ( S t icke l, 19 7 3 ) . DDT p lus  i t s  
me tabol i t e s  and di e l drin generally s eem t o  b e  tox i c  in 
wild b ir d s  as  brain leve l s  approach 30 ppm and 4 ppm , 
respe c t ive ly . The s e  fi gure s may vary b e tween d i f ferent 
species  and b e tween individuals of the s ame s p e c i e s . 
DDE and DDD usual ly oc�ur wi th DDT and s o  the DDT comp l ex 
is generally t aken as a whole . One ppm DDT has  about the 
s ame e ffec t  as 5 ppm DDD or 15 ppm DDE and DDD and DDE 
may be expre s s ed in t erms of DDT equiva l ent s ( S t i ckel 
et al . , 19 7 0 ) . The known lethal range beg ins at 1 0  DDT 
equivalent s  and extends upward to at l east 1 5 3  equiva l ents  
but mo s t  value s for animal s  dying o f  toxi c i ty fal l b e tween 
20 and 8 0  e quiva l ents . 
In.the current s tudy DDT and DDD brain re s i due s 
average d b elow 0 . 0 1  ppm with DDE be low 0 . 0 5 ppm. Average 
di e l drin r e s i due s in the brain were le s s  than 0 . 1 ppm . 
Toxic e f fe c t s  accordingly woul d appear to b e· o f  l i t t le 
consequenc e for any o f  the ins e c t i c i de re s i due s de t ermine d. 
Sub l e thal e ffe c t s  s uch a s  egg thinning or phy s iological 
e ffec ts wer e  no t s tudied but woul d app ear t o  be of small 
cons equen c e  in the b irds examined due to the l ow r e s idue s . 
Federal foo d  t o l erance l eve l s  for poul try_were higher 
than the s tudy re s idue level s excep t for hep tachlor epoxide 
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(U . S .  Federal Regi s ter , 19 7 7 ) . The crows s l ighly ex­
ceeded the federal tol erance leve l . 
Li t t le  da t a  i s  avai l ab l e on relative toxicities  or 
s ub le thal e ffe c t s o f  me tal re s i due s . Zinc , mangane s e , 
and copper are e s s ential die tary el ement s  for a l l  species  
but a t  high d i e t ary leve l s  may show toxi c e ffects  
(Underwood , 19 7 1) . Dat? on oral  die tary toxi c i t i e s  is  
not app l icab l e  b e caus e it  is  det ermined by body s torage 
and excre t i on e ffi ciency which may vary wide ly be tween 
s p e c i e s  whi l e  r e s idue toxi c i ti e s  vary in a di fferent 
manner ( S t i cke l et al . ,  19 7 0 ) . Me tal re s i due leve l s  in 
thi s s tudy wer e s imi l ar to tho s e  of p revious s tudi e s . 
Ar s enic re s i due s were s omewhat higher than tho s e  o f  mo s t  
o ther s tudies  on b irds , but the lack o f  work on re s i due 
toxic ity pre c l ude s a s tatement on the bio logic al imp l ica­
tions of me tal s in thi s  s tudy . 
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